Background
Introduction
Although Diabetes mellitus (DM) and cancer are common diseases, their impacts on health care are tremendous. In Taiwan, epidemiologic studies have found that the prevalence of cancer and DM significantly increased from 2000 to 2009 [1] . Moreover, cancer and DM was the first and fifth leading causes of death in 2012, respectively [2] . These diseases attract public concerns because they are not only medical and health issues but also social and financial burdens globally. Therefore, health authorities try their best to find a good way to prevent and treat these annoying diseases.
Epidemiologic evidence suggests that cancer incidence is associated with DM itself, as well as certain diabetes risk factors and diabetes treatments [3, 4] . Mechanistically, hyperglycemia may cause hyperinsulinemia, providing growth signals to positively stimulate the expansion of cancer [5] [6] [7] [8] . Additionally, hyperglycemia may provide excessive energy sources to facilitate the growth of cancer [9] [10] . Controversially, an in vivo model did not support that hyperglycemia could enhance neoplastic growth [11] . This discrepancy needs a large clinical data to clarify whether cancers are common in people with DM than in those without. If so, the role of ADT, which significantly influences the level of blood glucose, in the cancer incidence should be investigated as well.
In considering the complexity of the association between cancer, diabetes, and ADT, we conducted a nationwide, population-based cohort study to clarify the role of diabetes in the risk of developing cancers, taking advantage of a large-size data set available from the National Health Insurance (NHI) program in Taiwan. Whether the risk of cancer is reduced with the presence of DM therapies, including oral hypoglycemia agents and insulin injection, was also investigated.
Materials and Methods

Data sources
A single-player, compulsory NHI Program was launched by the Taiwanese government in March 1995. It provided coverage for 96% of the total population of Taiwan (23 million) in 2000 and 98% in 2005 [12] . The NHI Research Database (NHIRD), which is derived from NHI system, is set up for research purposes. The high coverage rate of the NHI Program makes the NHIRD the best national indicator of health issues. These data contain patients' gender, age, medical expenditures, International Classification of Diseases, 9
th Revision, Clinical Modification (ICD-9-CM) codes, and types of prescribed medications, with the exceptions of clinical laboratory data and dose of medications.
Cohort formation
The This study was approved by the NHIRD research committee and institutional review board of Tri-service General Hospital. Since all identifying personal information was stripped from the secondary files before analysis, the review board waived the requirement for written informed consent from the patients involved.
DM ascertainment, index date, and selecting controls DM patients were defined as those who had at least one admission code or three or more outpatient codes for diabetes within one year during 2005-2010, and who were followed up for at least six months (n = 36,270). DM was classified into type 1 DM (T1DM, ICD 250.x1, 250.x3) (n = 1,447) and type 2 DM (T2DM, ICD 250.x0, 250.x2) (n = 34,823). The index date was the date the patients were first diagnosed with DM. The index date for the randomly-selected control subjects (non-diabetes, n = 145,080), corresponded to that of the DM study patients (n = 36,270), with the same gender-and-age (born in the same year) and at the ratio of case numbers 4:1. The selected control subjects were required to have been followed for at least 6 months and cancer-free during the first year after the index date, in the same way as the DM study patients. The two groups were followed up until the end of 2010 or the occurrence of cancer.
Cancer event ascertainment and cancer incidence density
To investigate the relationship between the exposure (ADT) and outcome (cancer), we defined that incident cancer cases were only valid if they occurred at least one year after the index date until 31st December 2010. We considered only the first cancer in the second year or beyond and when the cancer diagnosis was recorded a second time within any year. To be cancer-free, there would be no record of cancer at any time after the index date. Otherwise, cancer status was regarded as uncertain and the subject deleted from the study. Cancers studied were the top ten leading causes of cancer-related death in Taiwan [13] . Cancer incidence density (CID) was calculated as the number of incident cancer events divided by 10,000 person-years at risk followed (years after the index date until the first cancer diagnosis before the end of 2010 or, for non-cancer subjects, date of withdrawal from NHI or the end of 2010).
Anti-diabetic therapy (ADT)
Antidiabetic agents were classified using the Anatomic Therapeutic Chemical (ATC) code. Since the NHI Program allows clinicians to use refillable prescriptions for chronic illness patients who need the same prescription medication, for example, getting three months' medication per visit, ADT users were defined as those who had at least two ATC codes for antidiabetic drugs within six months after the index date. The duration of ADT treatment was defined as the time from the date of the first prescription record to 31 st December 2010 or until the occurrence of cancer. The oral ADTs were categorized into five groups: metformin (ATC code, A10BA), sulfonylureas (ATC code, A10BB), meglitinides (ATC code, A10BX), thiazolidinediones (TZDs) (ATC code, A10BG) and α-glucosidase inhibitor (ATC code, A10BF). The effect of oral ADTs on cancer risk, including lung, liver, colorectal, breast, oral and pancreatic cancer, was evaluated only for patients with T2DM. Moreover, insulin injection therapy was classified as rapid-acting (ATC code, A10AB), intermediate-acting (ATC code, A10AC), longacting (ATC code, A10AE), and combination (ATC code, A10AD), to evaluate its effect on tumor development among the entire DM study cohort (n = 36,270).
Statistical analysis
Baseline characteristics of subjects with and without DM were summarized and reported. For the comparison of cancer incidence in DM patients with and without ADT treatment for cancers, the hazard ratios (HRs) were estimated by Cox proportional-hazards models. In these models, the time variable was the interval between the index date and the date of cancer ascertainment, or date of withdrawal from NHI, or December 31, 2010. The potential covariates included sex, age, hypertension (ICD 401-405), dyslipidemia (ICD 272), obesity (ICD 278), gout (ICD 274), hepatitis B (ICD 070.2, 070.3), hepatitis C (ICD 070.4, 070.5, 070.7), liver cirrhosis (ICD 571), and duration of ADT exposure. These covariates were included in the models as categorical variables. All analyses were performed using SAS software version 9.1 (SAS Institute, Cary, NC), and Microsoft SQL Server 2008 software was used for data management. The level of statistical significance was set at a two-sided P<0.05.
Results
The baseline characteristics of subjects with and without DM, such as age group, sex, urbanization, income and comorbidity, are shown in Table 1 . Compared with the age-and sex-matched controls, the patients with DM were more likely to have the comorbidities of hypertension (54.3% vs 30.9%), dyslipidemia (57.1% vs 21.9%), obesity (1.9% vs 0.6%), gout (25.8% vs 12.9%), hepatitis B (6.4% vs 3.6%), hepatitis C (3.8% vs 1.8%) and liver cirrhosis (3% vs 1.3%) (all were p<0.001).
The risk of cancer at any site was significantly higher in patients with DM than in those without DM after adjusting for sex, age and comorbidities (p<0.001) ( Table 2 ). Except for esophageal cancer, patients with DM had a higher risk of gastroenterological malignancy (e.g., liver, colorectum, and pancreas), and lung, breast, oral, stomach, prostate, and cervix cancer after adjusting for sex, age and comorbidities. However, the incidence rate of cancer was not significantly different between T1DM and T2DM patients (4.12 vs. 4.10 per 100,000 personyears) (Table 3) . 
Discussion
The underlying pathophysiological mechanisms of DM related to carcinogenesis are poorly understood but are probably multifactorial, including hyperglycemia facilitating neoplastic proliferation [9] , hyperinsulinemia promoting carcinogenesis through its effects on insulin and/or IGF-I receptors [5] [6] [7] [8] , and inflammatory cytokines secreted by adipose tissue enhancing malignant progression [10] . Since insulin is produced by pancreatic β-cells and then transported via the portal vein to the liver, long-term exposure of growth factor (insulin) may case the higher incidences of cancer in pancreas and liver [3] . Additionally, the hyperinsulinemic state of diabetes, slower bowel transit time, and elevated fecal bile acid concentrations may facilitate the growth of colorectal cancer [4] . Herein, DM may potentially at least link to pancreatic, liver, and colorectal cancers. In agreement with previous reports [3] [4] , our large study sample, consisting of 36,270 patients with DM and 145,080 non-DM controls, substantiated that patients with pre-existing DM have a greater tendency to have a higher incidence of gastroenterological cancer, such as liver, pancreatic, and colorectal cancer, indirectly indicating that the hyperinsulinemic milieu may impose a greater risk of cancer growth.
If DM is significantly related to the incidence rate of cancers, it will be of interest to identify which type of DM is relevant to the higher incidence rate of cancers. In this study, we discovered that T1DM and T2DM both are significantly associated with the higher incidence of cancers compared to subjects without DM. However, an in vivo animal model showed that hyperglycemia did not lead to increased neoplastic growth [11] . We speculated non-modifiable risk factors (e.g., age, sex, race or ethnicity), undetermined hormonal derangements, duration of diabetes, treatment strategy, length of follow-up, sample sizes, and statistical adjustment for confounding factors may all have contributed to the conflicting results. If the level of blood glucose is associated with a higher incidence of cancers, the role of ADTs may be a threatening risk of carcinogenesis in DM patients. Therefore, it is important to clarify the connection between the increase of cancer incidence and the use of ADT in DM patients. However, the association between diabetes and cancer may partly be due to shared common predisposing risk factors such as aging, obesity, diet, and physical inactivity. That is why there has been so much inconsistent evidence reported in observational studies showing that some ADTs are associated with an increased risk and some with a reduced risk of cancer [3, [14] [15] [16] . To precisely determine the independent effect of ADT on the risk of malignancy, possible associated confounders including sex, age, hypertension, dyslipidemia, obesity, gout, hepatitis B, hepatitis C and liver cirrhosis were adjusted simultaneously in the present study. In the end, we found oral ADTs are associated with a decreased risk of some common cancers; these include metformin for lung and liver cancer, sulfonylurea for lung cancer, TZDs for lung and oral cancer, and α-glucosidase inhibitor for liver, colorectal, and breast cancer. Several studies suggested that the use of metformin is associated with a reduced risk of cancer [15] [16] [17] [18] [19] [20] [21] [22] [23] or cancer mortality [24] . In agreement with reducing the risk of liver cancer, as in previous studies [14] [15] [16] 25] , our present study also demonstrated that metformin therapy decreased lung cancer risk, but had less effect on colorectal cancer. Metformin-induced activation of AMP-activated protein kinase (AMPK) may lead to inhibition of cell proliferation, reduce colony formation, and cause partial cell cycle arrest in cancer cell lines [26] [27] [28] [29] . Moreover, the insulin-lowering action of metformin may contribute to its anti-neoplastic activity in vivo studies [27, 30, 31] . Appropriate use of metformin not only offers an anti-hyperglycemia effect but also inhibits carcinogenesis in the gastrointestinal (GI) system for T2DM patients.
α-glucosidase inhibitor may protect patients with DM against liver and colorectal cancer similar to metformin. With α-glucosidase inhibitor therapy, postprandial hyperglycemia in the GI system can be controlled by inhibiting the terminal step of carbohydrate digestion at the brush border of the intestinal epithelium. This unique mechanism may provide a plausible answer to explain why α-glucosidase inhibitor, rather than other oral ADTs, decreases the risk of GI malignancy. Nevertheless, our study showed the risk of pancreatic cancer, categorized as GI malignancy, remained unchanged with the use of any kind of oral ADT. Because the risk of developing cancer may increase as the duration of DM increases [16] , the high mortality and short survival time of pancreatic cancer patients might mask the effect of oral ADT on carcinogenesis. However, a larger-scale prospective study might be necessary to clarify this possibility.
Another concern regarding diabetes and malignancy involves insulin therapy. Subcutaneous injection of insulin results in significantly higher levels of circulating insulin in the systemic circulation than does endogenous insulin secretion, thereby possibly amplifying the links between hyperinsulinemia and cancer risk through excessive insulin binding to the IGF-I receptor. Epidemiological studies suggested a higher frequency of malignancy in insulin glargine-treated patients [32, 33] . However, a six-year international clinical trial, a 12,537-patient cardiovascular outcomes trial, found there was not a higher frequency of malignancy in glargine-treated patients [34] . By contrast, we were surprised to find that rapid-acting, long-acting, and combination insulin treatment had a tendency to reduce the development of cancer at any site. Longacting insulin therapy not only decreased the development of lung and prostate cancer but also reduced oncogenesis in GI malignancies like liver and colorectal cancer. We speculated that the use of insulin therapies to control a hyperglycemic environment might also play a pivotal role in protecting some diabetic patients from carcinogenesis rather than the adverse effect of excessive exogenous insulin on IGF-I receptor resulting in cancer. We suggest that using an individually adequate insulin injection, and avoiding over-insulinization, is the best therapeutic strategy for current practice. Prospective long-term studies considering insulin injection dosage, comorbid conditions and the genetic background of diabetic patients are needed to further evaluate the true effect of exogenous insulin on malignancy. There were some methodological weaknesses and strengths to this study. Firstly, socioeconomic (e.g., educational level, occupation), environmental, and biological factors (levels of hormones) well-known causes in carcinogenesis [35] , were not completely recored in the NHIRD. Secondly, details on the dose of ADTs were lacking in the NHIRD. Thirdly, databases between the NHIRD and "National Cancer Registry" can be traced and analysed, but the link between the NHIRD and the "National Registry of Deaths" is not available. Therefore, the association between non-cancer deaths and DM could not be evaluated. Even though some weaknesses existed in the present study, there is a probable completeness of ascertainment of the diagnoses of cancer and diabetes using the computerized data file for each individual from the NHIRD, which is population-based and highly representative, resulting in little possibility of recall and selection bias. Another strength of the study is that the effect of all kinds of ADTs on developing cancer among diabetic patients was assessed thoroughly in this article.
Conclusions
Although DM and cancer share many common risk factors, our population-based retrospective cohort study demonstrated DM may potentiate gastroenterological carcinogenesis. Appropriate use of ADTs with metformin, α-glucosidase inhibitor and long-acting insulin might have a protective effect against the development of liver and colorectal cancer.
